INTRODUCTION
In 1976, the IUPAC Commission on Macromolecular Nomenclature published rules on the nomenclature of regular single-strand organic polymers (Ref. 1) . A regular single-strand polymer is one the molecules of which can be described by constitutional repeating units with only two terminals composed of one atom each.
In 1985, the Commission jointly with the IUPAC Commission on Nomenclature of Inorganic Chemistry published rules on the nomenclature €or regular single-strand and quasi-single-strand inorganic and coordination polymers (Ref. 2) . A quasisingle-strand polymer is one the molecules of which can be described by constitutional repeating units connected to the other identical constitutional repeating unit (or to an end group) through a single atom at one terminal and through two atoms at the other terminal.
In 1985, the Commission also published rules on source-based nomenclature for copolymers (Ref. 3) which by definition are polymers derived from more than one species of monomer (Ref. 4 ) .
In this report, both the structure-based and source-based nomenclature rules are extended to regular double-strand (ladder and spiro) organic polymers. Doublestrand biopolymers, however, such as DNA are not considered here. Rules for quasisingle-strand coordination polymers, resembling spiro polymers yet not covalently bonded, are not included. The smallest constitutional unit whose repetition describes a regular polymer (Ref. 4 ) .
An arrangement of atoms bound to each other in a cyclic manner (a closed chain).
A single ring or a combination of rings linked one to another by atoms common to both.
A polymer the molecules of which consist of an uninterrupted sequence of rings with adjacent rings having one atom in common (spiro polymer) or two or more atoms in common (ladder polymer). NOTE: P a r t i a l ladder (imperfect ladder, block ladder) polymers (Ref. 5), i n which t h e sequence of rings i s i n t e r r u p t e d and a bivalent constit u t i o n a l repeating u n i t can be i d e n t i f i e d , a r e not double-strand polymers. They a r e named a s single-strand polymers. . . .
On t h e other hand, occasional i r r e g u l a r deviations from i d e a l i t y can be ignored i n constructing graphical representations f o r doubles t r a n d polymers and i n assigning corresponding names. . . .
d b
Reviews on double-strand, ladder, and s p i r o polymers published i n t h e l i t e r a t u r e (Refs. 5-7) have not addressed t h e i r nomenclature i n any d e t a i l e d fashion.
STRUCTURE-BASED NOMENCLATURE

Fundamental principles
This nomenclature r e s t s upon t h e s e l e c t i o n of a p r e f e r r e d constitutional repeating unit (CRU) (Refs. 1 and 4 ) of which t h e polymer is a multiple; t h e name of t h e polymer is t h e name of t h i s repeating u n i t prefixed by I1poly". established p r i n c i p l e s of organic nomenclature (Ref. 8 ) . For double-strand polymers, t h i s u n i t usually i s a t e t r a v a l e n t group denoting attachment t o four atoms. may be hexavalent o r octavalent.
The u n i t i t s e l f is named wherever possible according t o t h e
Since some of these attachments may be double bonds, t h e unit I n using t h i s nomenclature, t h e s t e p s t o be followed i n sequence a r e t h e same a s those f o r regular single-strand polymers:
(1) identify t h e p r e f e r r e d c o n s t i t u t i o n a l repeating u n i t ,
(2) orient t h e c o n s t i t u t i o n a l repeating u n i t , (3) name t h e c o n s t i t u t i o n a l repeating u n i t , and ( 4 )
name t h e polymer.
I d e n t i f i c a t i o n and o r i e n t a t i o n must precede naming of t h e polymer.
Identification of the preferred constitutional repeating unit
Examples given i n Section 2 above have i l l u s t r a t e d t h e repeating nature of t h e c o n s t i t u t i o n a l u n i t s within each polymer s t r u c t u r e . t o break t h e same s t r u c t u r e s i n t o c o n s t i t u t i o n a l repeating u n i t s a r e i l l u s t r a t e d below.
Some of t h e ways
To allow construction of a unique name, a s i n g l e preferred c o n s t i t u t i o n a l repeating u n i t must be s e l e c t e d .
RULE 1. (aromatic rings, i . e . , those having a chemistry t y p i f i e d by benzene (Ref. 9 ) a r e broken only when no other rings a r e present) by observing t h e following c r i t e r i a i n decreasing order of p r i o r i t y :
The polymer chain i s i n t e r r u p t e d by breaking a non-aromatic r i n g
(1) minimize t h e number of f r e e valences of t h e c o n s t i t u t i o n a l repeating u n i t ,
( 2 ) maximize t h e number of most preferred hetero atoms i n t h e r i n g system, (3) retain t h e most preferred r i n g system,
choose t h e longest chain f o r a c y c l i c c o n s t i t u t i o n a l repeating u n i t .
Seniority o f ring systems (Ref. 8 , Rule C-14.1) i s decided by applying t h e following c r i t e r i a , successively, u n t i l a decision i s reached:
(1) A heterocycle i s s e n i o r t o any carbocycle, regardless of t h e number of rings H r;"l senior to
( 2 ) For heterocycles, t h e c r i t e r i a a r e based on t h e nature and p o s i t i o n of t h e hetero atom (Ref. Orientation of the constitutional repeating unit RULE 2. breaking t h e r i n g i s oriented i n such a way t h a t t h e lowest f r e e valence locant i s a t t h e lower l e f t .
The a c y c l i c c o n s t i t u t i o n a l repeating u n i t t h a t r e s u l t s from
1,4:3,2-2,3:4,1-I f t h e r e i s a f u r t h e r choice, t h e a c y c l i c u n i t i s o r i e n t e d t o give t h e lower locant number on t h e occasion of t h e f i r s t d i f f e r e n c e . 
o t a t i o n ) i n such a way t h a t t h e lowest f r e e valence locant i s a t t h e lower l e f t and next l o c a n t s i n t h e ascending order proceed i n a clockwise d i r e c t i o n .
Example :
is preferred to and Whenever o r i e n t i n g t h e r i n g with t h e lowest f r e e valence locant a t t h e lower l e f t r e s u l t s i n an anticlockwise d i r e c t i o n of locants, t h e o r i e n t a t i o n i s changed t o t h e next lowest f r e e valence locant a t t h e lower l e f t t o preserve t h e ascending order of l o c a n t s i n t h e clockwise d i r e c t i o n .
is preferred to RULE 4 . I f t h e preferred c o n s t i t u t i o n a l repeating u n i t c o n s i s t s of a ring system and a c y c l i c subunits, i t is oriented i n such a way t h a t t h e r i n g system is on t h e l e f t s i d e and t h e a c y c l i c subunits a r e on t h e r i g h t of t h e r i n g system. The ring system i s oriented according t o RULE 3. i . e . , from l e f t t o r i g h t . u n i t i s based on t h e longest chain with t h e lowest f r e e valence locant a t t h e lower l e f t with respect t o t h e l e f t parenthesis.
system i s formed according t o t h e p r i n c i p l e s of naming carbocyclic and The preferred c o n s t i t u t i o n a l repeating u n i t i s named a s drawn, The name of an a c y c l i c c o n s t i t u t i o n a l repeating
The name of a r i n g heterocyclic ring systems. The names are followed by an appropriate suffix, e.g., "2,3:5, 6-tetrayltt, "2,3:9-triyl-lO-ylidene", t12,3-diyl:6,7Adiylidene". The free valence locants are always placed just in front of the corresponding ending and are cited in the order:
lower left,upper 1eft:upper rightflower right (i.e., in a clockwise direction), the left locants being separated from the right locants by a colon.
(broken ring fragments) are cited in the order: upper rightflower right, preceded by the corresponding locants (the locants refer to the ring system positions where the acyclic subunits are attached).
Then the names of acyclic subunits NOTE: Locants are placed immediately before that part of the name to which they relate, e.g., ethane-lI2:2,1-tetrayl (not 1,2:2,1-ethanetetrayl) or buta-1,3-diene-lr4:3,2-tetrayl (not lr3-butadiene-1,4 : 3,2-tetrayl) (Ref. 10) .
Examples :
poly (ethane-lf2:2,1-tetrayl) (not ethane-l,2 : 1 2-diylidene) poly (naphthalene-2,3: 6,7-tetrayl-6,7-dimethylene) 3.5 Naming of the polymer RULE 6.
name of the preferred constitutional repeating unit in parentheses or brackets.
The polymer is named with the prefix "poly" followed by the
Polymers constituted of repeatedly fused or spiro carbocycles
The constitutional repeating unit resulting from a ladder or spiro polymer consisting of a repeating carbocycle is a tetravalent acyclic group.
poly(butane-lf4:3,2-tetrayl)
poly (pentane-l,5: 3,3-tetrayl) (the longest straight chain is preferred)
poly(buta-1,3-diene-ll 4:3,2-tetrayl) (when an aromatic ring is broken, double bonds are fixed and free valences in the total constitutional repeating unit are minimized)
Polymers constituted of repeatedly fused or spiro carbocyclic systems
The constitutional repeating unit resulting from a ladder or spiro polymer consisting of a repeating polycarbocyclic (multi-ring) system is a tetravalent group or a combination of a tetravalent (multivalent) cyclic group with one or two bivalent (multivalent) acyclic groups.
Examples : 
Polymers constituted of repeatedly fused or spiro heterocycles
The constitutional repeating unit resulting from a ladder or spiro polymer consisting of a repeating heterocycle is viewed as a tetravalent (multivalent) acyclic carbon group in which some carbon atoms are replaced by hetero atoms.
way that hetero atoms have lowest locants and that the hetero atom of highest seniority (Ref. 8, Rule B.l) has lower locant than that of next seniority. nomenclature.
The constitutional repeating unit is oriented in such a The constitutional repeating unit is then named by replacement Examples :
1.
poly (l-azabuta-l,3-diene-l, 4 : 3,2-tetrayl)
poly(l,3,5,7-tetraoxaheptane-l, 7:4,4-tetrayl) 4.
5.
poly (2,3-diazabutane-1, 4:3,2-tetrayl) 3.9 Polymers constituted of repeatedly fused or spiro heterocyclic systems
The constitutional repeating unit resulting from a ladder or spiro polymer consisting of a repeating heterocyclic ring system is a combination of a tetravalent (multivalent) ring system group with one or two bivalent (multivalent) acyclic groups. If there is a choicer the constitutional repeating unit is oriented in such a way that the acyclic subunit with the terminal atom of higher seniority is at the upper right.
1.
2.
poly (1,4-dithiin-2r3:5r6-tetrayl-5r6-dicarbonyl) (the carbocyclic ring is broken in preference to the heterocyclic ring to keep the hetero atoms in the ring system) (the number of preferred hetero atoms is maximized in the ring system; the locants "2,3: 9-triyl-10 (12H) -ylidene" are preferred to " 2 , 3 : 10-triyl-9 ( 7 H ) -ylidene" (lower locant for indicated hydrogen) to preserve the clockwise order of locant citation)
poly [l, 3-dioxa-2-silacyclohexane-2,2: 5,5-tetrayl-5,5-bis (methyleneoxy) ] (fixed ring numbering decides the orientation) 
Substituents
Substituents that are clearly part of the constitutional repeating unit are denoted by means of prefixes affixed to the name of the subunit to which they are bound.
1. (for a quasi-acyclic constitutional repeating unit which includes path along a ring, the acyclic part with primed locants is treated as a substituent on the ring) 4.
5.
OH n poly[ [3-(acetoxymethyl) -6-carboxybenzene-l,2:4, 5-tetrayll-4 5-dimethylenel (for substituted structures, free valences have preference over substituents when competing for low locants) 1.
a, a' -dihydro-a, a' -dihydroxypoly (2,4-diphenyl-l, 3,5-trioxa-2,4-disilapentane-l,5:4,2-tetrayl)
2.
a, a' :a, a'-bis (naphthalene-lI8-diyl)poly (naphthalene-4,5: 8,l-tetrayl) (in order to preserve the ascending order of locants in the clockwise direction, the lowest possible free valence locant of the constitutional repeating unit placed at the lower left is 4 rather than 1)
SOURCE-BASED NOMENCLATURE
For many polymers, the structural identity of all the constitutional repeating units and of their sequential arrangement is not known, yet some indication is available as to their general characterization such as ladder or spiro polymers.
At times, it is also useful to identify the starting monomers especially for such complex polymers as double-strand polymers, the synthesis of which is often a multi-step reaction involving condensation, cyclization, and crosslinking.
It may also be useful at times to provide both source-and structure-based names for the same polymer. For a couple of examples below (6 and 11)' references within this document are given t o the corresponding constitutional repeating units and their names.
The source-based nomenclature identifies the starting material(s) from It is derived from the which the ladder or spiro polymer is prepared. nomenclature system for copolymers (Ref. 3) . The system is based on the following principles:
